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(57) ABSTRACT

The invention relates to a method of assisting piloting an
aircraft. The method is performed when the real position of a
symbol for display lies outside the display limit of the screen.
The symbol is representative of a parameter associated with
the dynamic behavior of the aircraft (FPV, . . . ) or liable to
influence said behavior (FD, . . . ). The symbol possesses two
components, and the first component is to be given prece-
dence on display over the second component. In the method,
the display of the symbol depends firstly on the orthogonal
projection (FPV-lock) of the real position (FPV) of the sym-
bol onto the axis of the first component, and secondly on the
position of said projection relative to the display limit of the
screen. Such a display makes it possible to give reliable
information to the pilot.

17 Claims, 7 Drawing Sheets
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1
METHOD OF ASSISTING PILOTING AN
AIRCRAFT BY ADAPTING THE DISPLAY OF
SYMBOLS

This application claims priority to FR Application No.
1350992 filed Feb. 6, 2013, the entire contents of which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The invention relates to a method of assisting piloting an
aircraft.

Aircraft cockpits are fitted with displays on which data and
parameters inform the pilot, during a flight, about the state of
the aircraft, and about its behavior relative to its outside
environment.

For example, displays of the primary flight display (PFD)
type and of the head-up display (HUD) type provide various
parameters concerning attitude and guidance of an aircraft.

In certain flight configurations, the symbols representative
of those parameters can reach the limit of their display zone,
such that the real positions of the symbols lie outside the
display zone.

For symbols reaching the limit of their display zone, it is
appropriate to define rules for positioning their display with-
out giving rise to information that is erroneous and enabling
the display to continue to be useful for the pilot.

SUMMARY OF THE INVENTION

Although present rules are satisfactory, the Applicant seeks
to devise new rules or logic for positioning the display of
aircraft symbols that happen to be located at the limit of a
display.

Thus, in a first aspect, the invention provides a method of
assisting piloting an aircraft in which at least one display
screen has at least one display zone bounded by a display limit
line, the real position of the aircraft being positioned on said
at least one display zone relative to a horizontal-vertical
frame of reference associated with the screen and a terrestrial
horizontal-vertical frame of reference having at least one of
its axes displayed, at least one symbol representative of a
parameter associated with the dynamic behavior of the air-
craft (FPV, .. .) orliable to influence this behavior (FD, . . .)
having a horizontal component and a vertical component, the
method comprising a step of displaying said at least one
symbol in said at least one display zone in order to assist the
piloting of the aircraft when the real position (FPV) of said at
least one symbol lies outside the display limit line, the method
being characterized in that one of the components, referred to
as a “first” component, is to be given precedence on display
over the second component, and the method comprises the
following steps:

determining the real position (FPV) of said at least one

symbol for display relative to said at least one display
zone;

determining the orthogonal projection (FPV-lock) of the

real position of said at least one symbol on the axis of the
first component;

determining the position of said projection (FPV-lock)

relative to the display limit line of said at least one
display zone, and in the event that said projection (FPV-
lock) is situated outside said display limit line, reposi-
tioning said projection on said display limit line;
determining the position of said at least one symbol on the
axis of the second component passing through the posi-
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tion determined in the preceding step as a function of the
value of the second component of said at least one sym-
bol;
determining said position relative to the display limit line
of said at least one display zone, and in the event that said
position is situated outside said display limit line, repo-
sitioning said position on said display limit line; and

displaying said at least one symbol in the display position
as determined in this way in the preceding step.

The new rules for positioning a symbol (or a plurality of
symbols) for display take account initially of the real position
of'the symbol, of the orthogonal projection of the real position
onto the axis of the first component, referred to as the orthogo-
nal projection, and the position of the orthogonal projection
relative to the display limit line. Thereafter, account is also
taken of the position of the symbol on the axis of the second
component passing through the position of the orthogonal
projection (possibly taken to the display limit line) relative to
the display limit line. Depending on this relative position, the
position of the symbol is optionally taken to the display limit
line. By way of example, depending on the position of the
orthogonal projection relative to the display limit line (and
thus depending on the display space available in said at least
one display zone), the display of the symbol may be reduced
to displaying only the first component (in a position that
might possibly be limited), since this is the component that is
to be given precedence, or may take the form of displaying the
first component in non-limited manner together with the sec-
ond component in limited manner.

In certain circumstances, it is possible to envisage omitting
the second component in order to maximize the information
(sign and value) carried by the first component. Under certain
circumstances in which the value of the first component is
limited, the sign associated with the component is conserved
in order to avoid providing the pilot with information that is
erroneous.

When the value of one of the components is limited, it is
possible to display beside the display symbol in its limited
position the value of the (first and/or second) component
before being limited.

It should be observed that the order in which the compo-
nents are processed shows that the first component is given
precedence over the second component. If precedence is to be
given to the second component, then the first three steps of the
method would relate to the second component.

According to a first possible characteristic, when the
orthogonal projection of the real position of said at least one
symbol is situated inside said at least one display zone
bounded by the display limit line, the method includes a
substep of determining a limitation for the value of the second
component of said at least one symbol in order to position said
at least one symbol in a limited position that is situated on the
display limit line of said at least one display zone.

In this situation, the value of the first component (given
precedence) of the symbol is conserved (as is its sign),
whereas the value of the second component is limited.

Nevertheless, the sign of the second component is con-
served, thereby providing the pilot with information that is of
use.

According to a second possible characteristic that consti-
tutes an alternative to the first characteristic, when the
orthogonal projection of the real position of said at least one
symbol is situated outside said at least one display zone
bounded by the display limit line, the method includes a
substep of determining a limitation for the value of the first
component of said at least one symbol in order to position said
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at least one symbol in a limited position that is situated on the
display limit line of said at least one display zone.

In this situation, the value of the first component (given
precedence) is limited only to the value that corresponds to
the point of intersection between the axis of the first compo-
nent and the display limit line of the display zone.

The information (sign and value) about the second compo-
nent that is not given precedence might not be retained during
the display of the symbol since, ignoring special cases, there
is no longer enough display space available on said at least
one display zone. This therefore makes it possible to display
the symbol in its position as limited in this way on the display
limit line of the display zone. The above-mentioned special
cases correspond to cases in which the display limit is made of
segments. In flight configurations in which the wings of the
aircraft are parallel to one of these segments, after orthogonal
projection of the symbol on the segment, there exists a degree
of freedom for displaying the second component on the seg-
ment.

It should be observed that in general, it may be desirable to
obtain more information about the second component while
displaying the symbol, while nevertheless continuing to give
precedence to displaying the first component.

To this end, it is possible to envisage having two display
windows or zones, with one being incorporated inside the
other.

More particularly, said at least one display zone may have
a first display zone inside which there is arranged a second
display zone, the display position of said at least one symbol
depending more particularly, firstly on the orthogonal projec-
tion on the axis of the first component of the real position of
said at least one symbol, and secondly on the position of said
projection relative to the display limit line of the second
display zone (two display windows). Thus, all of the infor-
mation about the value of the first component might not be
retained depending on circumstances, but some information
is nevertheless acquired about the second component (sign,
and possibly value). In general, the second zone is added
inside the first zone, which is larger. The use of two display
zones makes it possible to conserve information at least about
the sign of the second component, and possibly to obtain the
value of the second component in full, or at least a limited
version of said value.

The use of two display zones leads to several situations:

1) When the orthogonal projection of the real position of
said at least one symbol, referred to as the “orthogonal pro-
jection”, is situated inside the second display zone bounded
by the display limit line, the method includes a substep of
determining a limitation for the value of the second compo-
nent of said at least one symbol in order to position said at
least one symbol in a limited position that is situated on the
display limit line of the first display zone. The value of the first
component is conserved (as is its sign) and the display of the
symbol also contains additional information about the second
component (limited value and sign).

2) When the orthogonal projection is situated outside the
second display zone bounded by its display limit line, the
method includes the following two substeps:

determining a limitation for the value of the first compo-

nent of the orthogonal projection to the value corre-
sponding to the intersection between the axis of the first
component and the display limit line of the second dis-
play zone so as to take the orthogonal projection to an
intermediate limited position and thus obtain a limited
orthogonal projection; and

determining the position of said at least one symbol on the

axis of the second component passing through the posi-
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4

tion of the limited orthogonal projection determined in
the preceding step as a function of the value of the
second component of said at least one symbol.

The value of the first component is not conserved in full: it
is limited by the value of the component of the limited
orthogonal projection on the display limit line of the second
zone. The display of the symbol also contains additional
information about the second component (sign and optionally
limited value). The closer the display limit line of the second
zone to the display limit line of the first zone, the greater the
extent to which the value of the first component is conserved.
Nevertheless, less space is available for displaying the value
of'the second component (loss of accuracy about the second
component). Thus, the limiting of the value of the second
component depends on the available space remaining and on
the value itself of the second component.

According to a possible characteristic, the two display
zones are defined relative to each other so as to be spaced far
enough apart to make it possible, if necessary, to display said
at least one symbol between the display limit lines of said
display zones. The definition of the second zone relative to the
first depends on the intended application and on the display
targets that have been set (e.g. maximizing the display of the
first component and minimizing the display of the second
component, i.e. displaying at least its sign).

According to other possible characteristics taken in isola-
tion or in combination with one another:

the axis of the first component (axis of the orthogonal

projection) is selected relative to a predetermined crite-
rion;
the axis of the first component is the pitch scale axis that is
displayed on said at least one display zone; this consti-
tutes a horizontal projection in the terrestrial reference
frame, making it possible to conserve the value of the
vertical component (first component) of the symbol; this
is useful depending on the symbol for display; for
example ifit is a symbol representative of the flight path
vector (FPV) of the aircraft, it is useful to conserve the
vertical component (first component) constituted by the
flight path angle; the horizontal component, constituted
by the drift or yaw angle, need not necessarily be
retained, depending on the circumstances envisaged;

the method includes displaying beside said at least one
symbol displayed in its limited position, the value of said
at least one component of said at least one symbol prior
to being limited, this information may be useful to the
pilot;

said at least one symbol has a vertical first component and

a horizontal second component, the vertical first com-
ponent being given precedence in the display over the
second component;

said at least one symbol for displaying comprises a first

symbol representative of the flight path vector in which
the horizontal component is drift or yaw angle and the
vertical component is flight path angle; by way of
example, the rules for positioning this symbol are firstly
conserving the value of the vertical component and,
when that is not possible, positioning the symbol on the
display limit line of the display zone while conserving
the sign of the vertical component (in order to tell the
pilot whether the aircraft is climbing or descending), and
secondly to conserve the value of the horizontal compo-
nent without contradicting the above-mentioned posi-
tioning rules relating to the vertical component; if it is
not possible to conserve the value of the horizontal com-
ponent, the positioning rules provide for positioning the
symbol on the display limit line ofthe display zone while
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conserving the sign of the horizontal component (in
order to tell the pilot on which side the yaw angle is
located);

said at least one symbol for display also comprises a second

symbol representative of an aircraft guide parameter and
constitutes a flight path setpoint to be reached by the
flight path vector of the aircraft;
said at least one display zone also comprises a display zone
for displaying the second symbol representative of an
aircraft guide parameter and having arranged therein at
least one display zone for displaying the first symbol;
and
the step of displaying the second symbol representative of
an aircraft guide parameter comprises, more particu-
larly, a substep performed as a function of the real posi-
tion of said second symbol relative to the display limit
line of said display zone for the second symbol:

displaying said second symbol in said display zone in its
real position; or

determining a limited position for said second symbol by

projecting said symbol onto the display limit line of said
display zone in the direction given by the line passing
through the real position of said symbol and the position
displayed in said at least one display zone for the first
symbol of the first symbol representative of the flight
path vector of the aircraft, and displaying said second
symbol in its position as limited in this way.

In a second aspect, the invention also provides a computer
program including instructions for executing the steps of the
method as described briefly above when said program is
executed by a system in which said program is loaded.

In a third aspect, the invention also provides a system for
assisting piloting an aircraft, the system comprising at least
one display screen that includes at least one display zone
bounded by a display limit line, the real position of the aircraft
being positioned on said at least one display zone relative to
a horizontal-vertical frame of reference associated with the
screen and a terrestrial horizontal-vertical frame of reference
having at least one of its axes displayed, at least one symbol
representative of a parameter associated with the dynamic
behavior of the aircraft (FPV, . . .) or liable to influence this
behavior (FD, . . . ) having a horizontal component and a
vertical component, the system being characterized in that
one of the components, referred to as a “first” component, is
to be given precedence on display over the second compo-
nent, the system comprising:

means for determining the real position (FPV) of said at

least one symbol for display relative to said at least one
display zone;

means for determining the orthogonal projection (FPV-

lock) of the real position of said at least one symbol on
the axis of the first component;

means for determining the position of said projection

(FPV-lock) relative to the display limit line of said at
least one display zone, and in the event that said projec-
tion (FPV-lock) is situated outside said display limit
line, for repositioning said projection on said display
limit line;

means for determining the position of said at least one

symbol on the axis of the second component passing
through the position determined in the preceding step as
a function of the value of the second component of said
at least one symbol;

means for determining said position relative to the display

limit line of said at least one display zone, and in the
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event that said position is situated outside said display
limit line, for repositioning said position on said display
limit line; and

means for displaying on said at least one symbol screen

said at least one symbol in the display position as deter-
mined in this way.

The characteristics mentioned above with reference to the
method apply likewise to the system as briefly described
above.

The invention also provides an aircraft including such a
system.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages appear from the fol-
lowing description given purely by way of non-limiting
example and made with reference to the accompanying draw-
ings, in which:

FIGS. 1 and 2 are general diagrammatic views of a display
screen showing a first implementation of a method of assist-
ing piloting an aircraft applied to two different situations;

FIG. 3 is a general diagrammatic view showing the prin-
ciple of two display windows;

FIG. 4 shows the principle of two display windows as
shown in FIG. 3 and applied to the situation of FIG. 1;

FIGS. 5 and 6 are general diagrammatic views of a display
screen using the principle of two display windows and illus-
trating a second implementation of the method of assisting
piloting an aircraft applied to two different situations;

FIG. 7 shows an example of a display screen displaying a
first symbol FPV (with its non-limited value) in a limited
position as determined using the second implementation of
the method of assisting piloting an aircraft;

FIG. 8 is a general diagrammatic view of a display screen
showing a third implementation of a method of assisting
piloting an aircraft applied to displaying a second symbol FD;

FIG. 9 shows in general manner the positioning of a first
symbol FPV relative to two display windows and to the dif-
ferent frames of reference;

FIGS. 10 to 12 show the positioning in the display of a first
symbol FPV as a function of different real positions for the
symbol;

FIG. 13 is a diagrammatic view of a system for assisting
piloting in an embodiment of the invention; and

FIG. 14 shows an algorithm illustrating the main steps of a
method of assisting piloting in an implementation of the
invention.

DESCRIPTION OF AN EMBODIMENT OF THE
INVENTION

A first implementation of a method of the invention for
assisting piloting an aircraft is described with reference to
FIGS. 1 and 2.

FIG.1is a very diagrammatic view of a display screen of a
non-conventional primary flight display (PFD) type. This
screen comprises a display window or zone F (used solely for
calculating and positioning the symbol(s) for display, but not
visible on the screen for the pilot), which window is circular
in shape, for example. Nevertheless, it is possible to envisage
other shapes: rectangular, square, oblong, . . . .

Only the top left corner of the window F is shown for
reasons of simplification.

The display window F is bounded by a peripheral line L
that defines it and that constitutes a line referred to as the
“display limit line” or more simply as the “display limit”. No
display takes place on the screen beyond the display limit L of



US 9,212,931 B2

7

the window. Generally, the window F possesses a maximum
size that it is capable of occupying on the screen in order to
optimize display possibilities for the screen.
On the screen, there are shown two distinct horizontal-
vertical frames of reference: a first reference frame (X,Y)
associated with the screen and thus with the aircraft; and a
second reference frame (x,y) that is terrestrial and of position
relative to the first screen that varies over time as a function of
the real position of the aircraft. This real position is marked at
the center of the screen by an aircraft model referenced M.
The center of the screen corresponds to the position of the axis
of the fuselage of the aircraft. In practice, the aircraft model
on the screen represents the origin of the reference frame
associated with the airplane. In FIG. 1, the horizontal line x of
the terrestrial reference frame is displayed together with the
pitch scale of the aircraft, which in fact marks the vertical axis
y of the terrestrial reference frame.
A first symbol representative of a parameter associated
with the dynamic behavior of the aircraft, such as the flight
path vector (FPV) of the aircraft (i.e. an aircraft guide param-
eter) is to be displayed on the display screen. This first symbol
has a vertical first component corresponding to the flight path
angle (FPA) and a horizontal second component that corre-
sponds to drift or yaw angle, marked Dritt.
Furthermore, a second symbol representative of a param-
eter liable to influence the dynamic behavior of the aircraft,
such as the setpoint flight path to be reached by the FPV (i.e.
an aircraft guide parameter written FD for “Flight Director”)
may also be displayed on the display screen.
While displaying the first symbol FPV, it can happen that
its real position is at the display limit on the display screen.
The vertical first component FPA of the first symbol FPV
should be given precedence for display insofar as this com-
ponent informs the pilot whether the aircraft is climbing or
descending. The horizontal second component Drift informs
the pilot about the side on which the yaw angle of the aircraft
is to be found. This second component is generally consid-
ered as being less important for display than the first compo-
nent.
There follows a description of new rules for assisting the
pilot ofthe aircraft in piloting tasks in the first implementation
for positioning/displaying the first symbol FPV on the display
screen.
The first implementation of the method of assisting pilot-
ing provides for displaying the first symbol while performing
the following prior substeps:
determining by calculation the real position, written FPV,
of the first symbol FPV to be displayed relative to the
display window F (if the real position is situated inside
the window then the symbol can be displayed in this real
position and the following steps can be omitted);

determining by calculation the orthogonal projection, writ-
ten FPV-lock, onto the pitch scale axis (vertical axis of
the terrestrial reference frame which is the axis of the
first component), of the real position of the symbol FPV;
and

determining the position of the orthogonal projection FPV-

lock relative to the display window F, and more particu-
larly relative to the display limit L. of the window.

Depending on the real position of the symbol (FPV) and on
the position of its orthogonal projection (FPV-lock) as deter-
mined in this way, the method provides for positioning the
symbol (for display purposes) in appropriate manner on the
display screen by giving precedence to the first component
FPA of the symbol over its second component. This position-
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ing is performed so as to avoid giving erroneous information
to the pilot, in particular concerning the sign of the first
component.

FIG. 1 shows the situation of two first symbols FPV1 and
FPV2 having respective real positions that are situated out-
side the display window F and that have the same orthogonal
projection FPV-lock on the pitch scale axis.

This orthogonal projection FPV-lock lies beyond the dis-
play limit L.

In order to give precedence to the first component in the
display, the method then makes provision for positioning the
symbol by performing a substep of determining a limit for the
value of the first component of the symbol. On display, this
limit makes it possible to reposition the symbol in a limited
position, written “limited FPV-lock”, which is situated on the
display limit L of the display window F (FIG. 1).

This limited position is identical for both symbols FPV1
and FPV2.

In this example, the sign of the first component of each
symbol is conserved and the value of this first component is
reduced as little as possible in order to optimize the display of
the first component of the symbol. The displayed symbol in
its limited position “limited FPV-lock” does not have any
information about the second component (Drift) and there-
fore does not tell the pilot on which side the yaw angle is
located (i.e. the sign of the second component). Nevertheless,
this positioning rule results from a design choice of optimiz-
ing the display of the first component of the symbol to the
detriment of the display of the second component.

It should nevertheless be observed that the sign of the
second component (and indeed its value) may, for example,
be displayed beside the symbol that is displayed in its limited
position “limited FPV-lock™ in order to provide additional
assistance to the pilot.

As explained below while describing other implementa-
tions, this rule may be varied while continuing to give prece-
dence to the first component, and nevertheless giving greater
importance to displaying the second component and to asso-
ciated information.

FIG. 2 shows another situation in which the real position of
the first symbol FPV lies outside the window F and the
orthogonal projection (FPV-lock) on the pitch scale axis y lies
inside the window bounded by the display limit L..

In order to give precedence to the first component for
display, the method then makes provision for positioning the
symbol by performing a substep of determining a limit for the
value of the second component (Drift) of the symbol. This
limit makes it possible, on display, to position the symbol in
aposition that is said to be limited or projected (since it results
from a projection) that is written “projected FPV” and that is
situated on the display limit line L. of the display window F
(FIG. 2).

Given the real position of the symbol FPV, the symbol as
displayed in its limited position “projected FPV” conserves
all of the information (sign and value) concerning the first
component (FPA) and it includes a certain amount of useful
information about the second component (its sign and a lim-
ited value).

A second implementation of the method of assisting pilot-
ing an aircraft is described below with reference to diagram-
matic FIGS. 3 to 7.

FIG. 3 shows in highly diagrammatic manner a display
screen of the PFD type. This screen has two display windows
or zones (used solely for calculating and positioning the sym-
bol(s) for display but not visible for the pilot) located one
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within the other, and each being circular in shape, for
example. Nevertheless, other shapes could be envisaged: rect-
angular, square, oblong, . . ..

A first window F1 surrounds a second window F2 of
smaller radius. The two display windows are spaced far
enough apart from each other to make it possible, should that
be necessary, to display (a symbol, a value, . . . ) in the empty
space between the two display windows.

Each display window F1, F2 is bounded by a peripheral
line (respectively referenced [.1, [.2) that defines it and that
constitutes a display limit line or display limit. For example,
no display is made outside the display limit .1 of the first
window.

As in the first embodiment, the screen displays the first
reference frame (X,Y) associated with the screen and thus
with the aircraft, and the terrestrial second reference frame
(x,y), together with the aircraft model M. Everything men-
tioned in general manner concerning the first implementation
applies in this implementation and is therefore not repeated.

As mentioned above, on displaying the first symbol FPV, it
can happen that its real position lies in the display limit on the
display screen (i.e. outside the display limit). There follows a
description of new rules for positioning the first symbol FPV
on the display screen that involves the use of two display
windows, as shown in FIG. 3. The following figures show
only the top left quarter of the screen for reasons of simplifi-
cation.

In this second implementation, the method provides for
displaying the first symbol FPV by performing the following
prior substeps:

determining by calculation the real position, written FPV,

of the first symbol FPV for display relative to the first
display window F1;

determining by calculation the orthogonal projection FPV-

lock on the pitch scale axis (vertical axis of the terrestrial
reference frame or axis of the first component) of the real
position of the symbol FPV; and

determining the position of the orthogonal projection FPV-

lock relative to the second display window F2, and more
particularly relative to the display limit [.2 of this win-
dow.

Depending on the real position of the symbol (FPV) and on
the position of its orthogonal projection (FPV-lock) as deter-
mined in this way, the method provides for positioning the
symbol (for display purposes) in appropriate manner on the
display screen. This appropriate display is performed by giv-
ing precedence to the first component FPA of'the symbol over
the second component (so as to avoid giving erroneous infor-
mation to the pilot, in particular about the sign of the first
component) and while nevertheless conserving some infor-
mation about the second component, and in particular about
its sign. The concept of the two display windows shown in
FIG. 3 makes it possible, by reducing the value of the first
component, to release display space on the screen for the
second component (sign and optionally limited value).

Two symbols FPV1 and FPV2 are thus shown in FIG. 4 in
their real positions outside the display limit [.1 of the larger
window F1.

As described above with reference to FIG. 1, with only one
display window, the orthogonal projections of the two real
positions of the two symbols coincide at a common projection
point P (FIG. 4), which does not make it possible to conserve
the sign of the second component (yaw angles of the two
symbols). A single window thus does not make it possible to
distinguish between two symbols having opposite yaw
angles.
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The function of the smaller window F2 is to define the area
in which the orthogonal projection of the symbol FPV on the
pitch scale axis is displayed, while the larger window F1
enables the symbol to be positioned so as to indicate the trend
of'the yaw angle (second component).

The following FIGS. 5 and 6 show two general situations
that can occur at the end of the substep of determining the
position of the orthogonal projection FPV-lock on the pitch
scale axis relative to the display limit [.2 of the second display
window F2.

In the first situation shown in FIG. 5, the orthogonal pro-
jection FPV-lock of the symbol FPV is situated inside the
second window F2. Provision is then made to position the
symbol (for display purposes) in a limited position referred to
as “projected FPV™. This position is obtained by performing
a substep of determining a limit for the value of the second
component (horizontal drift component) in order to position
the symbol on the display limit [.1 of the first window F1. In
other words, this position corresponds to the orthogonal pro-
jection of the real symbol FPV on the display limit LL1.

The value of the first component (FPA) of the symbol is
conserved in this example, but not the value of the second
component, which is limited.

Nevertheless, the sign of the second component is visible
on the display screen. It should be observed that provision
may also be made to display beside the symbol that is dis-
played in its limited position (projected FPV), the value of the
second component of the symbol before it was limited, in
order to provide the pilot with the real value of the yaw angle
in addition to its sign.

In the second situation shown in FIG. 6, the orthogonal
projection FPV-lock of the symbol FPV on the pitch scale
axis lies outside the second window F2. Provision is then
made to position the symbol (for display purposes) in a lim-
ited position referred to as “projected FPV”, by performing
the following two substeps:

determining a limit for the value of the first component of

the orthogonal projection FPV-lock on the value that
corresponds to the point of intersection between the axis
of the first component (y axis of the pitch scale) and the
display limit 1.2 of the second display zone F2, so as to
bring the orthogonal projection into an intermediate lim-
ited position and thus obtain a limited orthogonal pro-
jection that is written “limited FPV-lock™ (repositioning
step); and

positioning the limited orthogonal projection “limited

FPV-lock™ along the axis of the second component (i.e.
perpendicularly to the axis of the pitch scale) in a final
limited position referred to as “projected FPV™. This
position corresponds to the orthogonal projection of the
real position of the symbol (real FPV) onto the axis of
the second component that passes through the position
of the orthogonal projection (limited FPV-lock) as deter-
mined in the preceding substep. This position (projected
FPV) is situated on the display limit L1 of the first
display zone or else between the display limits [.1 and
L2 of the two display zones, depending on the value of
the second component of the symbol and depending on
the space available between the two display limits (de-
termining the positioning of the projected FPV position
relative to the display limit L.1).

Once this position has been determined, the symbol is
displayed in the position as determined in this way.

By applying the above-described positioning rules (set out
for the two situations illustrated in FIGS. 5 and 6), the pro-
jection of'the symbol FPV (limited position ofthe symbol and
display of the symbol in its limited position) is meaningful,
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i.e. it cannot cause the pilot to believe that the aircraft is
climbing (positive vertical component FPA) even though it is
descending (negative vertical component FPA), or vice versa.
Nevertheless, in the second situation shown in FIG. 6, some
of'the positive information about the vertical component FPA
is lost (giving precedence to the second component). In order
to remedy that, it is possible to display the numerical value
(prior to limiting) of the vertical component FPA whenever
the projection of the symbol FPV does not conserve that
value. As shown in FIG. 7, the angle value of -5°, referenced
V, is displayed beside the display of the symbol in its limited
position (projected FPV).

As already mentioned above, it may also be desirable to
display a second symbol on the screen in addition to the first
symbol such as the symbol for the parameter FPV, which
second symbol may be the symbol for the parameter FD. This
parameter is a guide or “director” used when the pilot is flying
while making use of the flight path vector FPV. The parameter
FD gives vertical and horizontal setpoints to the pilot and the
pilot needs to make the symbol representative of the param-
eter FPV coincide with the symbol for the parameter FD. The
symbol FD is thus positioned relative to the position of the
symbol FPV.

The projection of the symbol FD (position of the symbol
limited by projection onto a display limit) must also be opti-
mized. Where possible, the display window for the symbol
FD should be slightly larger than the display window(s) for
the symbol FPV (i.e. the display window for the symbol FD is
larger than the window F1 that contains the smaller window
F2), so asto make it possible always to indicate at least a guide
trend, even if the positive aspect of the setpoints is lost.

FIG. 8 shows a display window FO0 for displaying the
symbol FD (together with its display limit 1.0) that encom-
passes the large window F1 for the symbol FPV.

There follows a description of new rules for positioning the
second symbol FD on the display screen.

The piloting assistance method in the third implementation
thus makes provision for performing the following substeps
in order to display the symbol:

determining by calculation the real position of the second

symbol FD for display relative to the display zone, in
particular relative to the display window F0 and its
boundary L0, and as a function of the real position as
determined in this way;

displaying the second symbol FD as such (i.e. without

limiting the values of its components) within its display
window or on its display limit if that is where its real
position is situated; or else

if the real position of the second symbol lies outside the

window F0:

determining a limited position for the second symbol
FD, referred to as “projected FD™, this position being
obtained by projecting the second symbol onto the
display limit L0 of the display window F0 along the
direction given by the line (half-line) D that passes
through the real position of the second symbol FD and
the displayed position of the first symbol representa-
tive of the flight path vector of the aircraft FPV; and

displaying the second symbol in its limited position
(projected FD). This positioning rule makes it pos-
sible to conserve direction information, which is the
information that needs to be given precedence in this
situation.

The description below sets out in detail an example of the
logic applied when determining the display positions for the
symbols FPV and FD. It relates more particularly to describ-
ing in detail the logic for calculating projections of the first
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symbol FPV and of the second symbol FD on a display or
viewing screen of a control and display system (CDS) of an
aircraft with circular display windows. For display windows
of different shapes (rectangular, elliptical, or other shapes, in
particular shapes that are more complex) the calculations
need to be modified accordingly. It should be observed that
the invention also applies to other viewing systems, for
example of the head-up display (HUD) type with display
windows of different shapes (circular, rectangular, elliptical,
or indeed of other shapes, in particular shapes that are more
complex). It should be observed that in general, the shape of
the limitation windows may be adapted depending on display
needs.

In order to increase accuracy, it should be observed that it
is possible in the positioning logic to use the principle of the
component FPA taken to the center of gravity instead of using
the component FPA directly, and certain parameters may be
filtered, for example. In addition, the yaw angle or Drift
components and the FPA components, and also pitch may be
multiplied by a constant factor in order to match them to the
display scale. In the description below, the terms “FPA”,
“Drift”, “Roll”, and “Pitch” are used instead of detailed
parameters in order to make the logic of the calculation easier
to understand.

The initial stage of calculation relates to calculating the
absolute coordinates of the first symbol FPA in the (X.Y)
reference frame associated with the screen. The coordinates
of'the symbol FPV in the reference frame associated with the
ground are the Drift component along the horizontal axis x
and the (FPA-Pitch) component along the vertical axis y.
Rotation is then performed in order to obtain the absolute
coordinates in the (X,Y) reference frame associated with the
screen:

Xgpavec—Driftxcos(Roll)~(FPA-Pitch)xsin(Roll)

=Driftxsin(Roll)-(FPA-Pitch)xcos(Roll) FPV:

Yspdvec

The absolute coordinates of the orthogonal projection are
written as follows:

Xopavee_toci—(FPA-Pitch)xsin(Roll)

Vspavee_tock=(FPA=Pitch)xcos(Roll) FPV-lock:

FIG. 9 shows the various coordinates depending on the
selected reference frames.

The second stage of calculation consists in determining
whether the symbol FPV needs to be limited/projected and in
selecting the type of projection in order to adapt the display of
the symbol (the notations and concepts used with reference to
the above-described figures are used again below). This selec-
tion is based on two criteria:

Does the orthogonal projection FPV-lock of the real posi-

tion of the symbol FPV lie within the small (second)
window F2 of radius R,,,,,;;? This amounts to determin-

small*

ing whether the following inequality is satisfied:

7 2
vxspdvecilock +Yspdvee_lock Rsmail

Is the real position of the symbol FPV situated inside the
large (first) window F1 of radius R,,,,,..? This amounts to

determining whether the following inequality is satis-
fied:

2, 32
\/xspdvec Vspdvee SRigrge

As shown in the table below, four projection situations are
to be taken into consideration depending on the values of FPV
and FPV-lock:



US 9,212,931 B2

13

FPV-lock inside FPV-lock outside
the small window the small window
F2 F2

FPV inside the 1 2

large window F1 FPV: absolute FPV: limited lock +
coordinates Drift
FPV-lock: absolute FPV-lock: limited
coordinates lock

FPV outside the 3 4

large window F1 FPV: maintain FPA FPV: limited lock +

FPV lock: absolute Drift (*)
coordinates FPV-lock: limited
FPV: limited lock + lock

Drift (*) FPV

(*) Under such circumstances, the horizontal component of Drift may optionally be limited
as a function of its value.

The term “absolute coordinates” in box 1 means that no
projection of the symbol is needed since, firstly, the real or
absolute position of the symbol is situated inside the large
window F1, and, secondly, the position of its orthogonal
projection FPV-lock is situated inside the small window F2.
The coordinates as displayed (on the screen) correspond to
the absolute coordinates in the (X,Y) reference frame associ-
ated with the aircraft:

Xopave_display =¥ spavec=Driftxcos(Roll)-(FPA-Pitch)x

sin(Roll)

Vpavee_display =Y spavec=Driftxsin(Roll)~(FPA-Pitch)x

cos(Roll) FPV:

The pilot can decide to display the symbol FPV or to
display the orthogonal projection FPV-lock of the symbol
(taking this symbol into consideration without the second
component of Drift) using the following coordinates:

Fspdvec_Tock_gipiay Fspdvec_1ock——(FPA=Pitch)xsin

(Roll)

Vpavee_ock_display—Yspavee_toci=\F PA=Pitch)xcos

(Roll) FPV-lock:

In the other situations of the table, it is necessary to project
the symbol.

Boxes 2 and 4 of the above table correspond to situations in
which the orthogonal projection FPV-lock of the real position
of the symbol FPV lies outside the small window F2 (this is
the second type of projection described with reference to FIG.
6).

The situation that corresponds to box 4 of the table (or-
thogonal projection FPV-lock outside the small window F2
and symbol FPV outside the large window F1) comprises two
situations shown respectively in FIGS. 10 and 11 that are
described below.

Two situations i) and ii) are identified depending on
whether or not the second component (Drift) of the symbol
FPV needs to be limited. The test that is performed consists in
determining whether the value of the second component
(Dritt) is or is not greater than the value B as provided by the
following equation:

- 2 2
B=VRyurge ~Romati

1) In the first situation, if the value of the second component
(Dritt) is greater than B, then the value of the second compo-
nent (Drift) needs to be limited as shown in FIG. 10 (other-
wise the symbol FPV resulting from the projection/limitation
mechanism would lie outside the large window F1). If nec-
essary, the non-limited real value of the second component
(Drift) may also be displayed beside the symbol that is dis-
played in its limited position on the display limit L1 (pro-
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jected FPV). It should be observed that this additional display
may be performed as well as (or instead of) displaying the
(non-limited) real value of the first component (vertical com-
ponent of FPA) beside the symbol.

ii) In the second situation shown in FIG. 11, if the value of
the second component (Drift) is less than B, then the value of
the second component (Drift) is not limited. Full quantitative
information about the second component (Drift) is conserved.
The (non-limited) real value of the first component (vertical
component of FPA) may be displayed beside the symbol
displayed in its limited position on the display limit 1.

The coordinates of the projected symbol FPV as displayed
are thus written as follows in the two above-described situa-
tions:

Situation 1

Xspdvee__display ™~ ¥spdvec__lock__limited_plus_drift
Xspavee_lock_timiteatSIGN(Drift)xBxcos(Roll)

Yspdvec_display™Yspdvee_lock_limited_limited _plus_drify
Vspavee_lock_timiteatSIGN(Drift)xBxsin(Roll)

Situation 2

Xspdvee__display ™~ Nspdvec__lock__limited_plus_dvift
Xopavec._tock_imireaDriftxcos(Roll)

Yspdvec_display™Yspdvee_lock_limited_limited __plus_drify
Vspavee_tock_iimizeatDriftxsin(Roll)

In the situation corresponding to box 2 of the table (or-
thogonal projection FPV-lock outside the small window F2
and symbol FPV inside the large window F1) it is possible to
transfer the Drift component in full insofar as the real FPV
symbol lies inside the large window F1.

Box 3 of the above table corresponds to the situation in
which the orthogonal projection FPV-lock of the real position
of the symbol FPV lies inside the small window F2 (the
orthogonal projection FPV-lock is thus not limited) and the
real symbol FPV is outside the large window F1.

The first component (vertical component of FPA) can be
maintained, but the symbol FPV must be limited (by projec-
tion) since it is situated outside the large window F1. This is
the first type of projection described with reference to F1G. 5,
and it is shown herein in FIG. 12.

The limited position of the projected symbol (projected
FPV)is at a distance A from the axis of the pitch scale, which
distance is calculated using the following formula:

- 7 7 7
A*\/Rzarge ~(Xspdvee_lock HVspdvec_lock

The displayed components of the projected FPV symbol as
displayed on FIG. 12 are thus written:

Xspdvec_display~ X spdvec__conversation_FPA~ Xspdvec_lockt

SIGN(Drift)x4xcos(Roll)

Yspavec_display™—Yspdvec_conversation_FPA~ Yspdvec_lockt
SIGN(Drift)x4xsin(Roll)

It should be observed that the set of situations shown in the
above table make it possible to ensure that there is no discon-
tinuity in the display of the symbol (i.e. it moves continu-
ously) on passing from one box of the table to another (e.g.
from box 4 to box 2). These positioning rules for displaying
the symbol are particularly suited to displaying a dynamic
symbol such as the symbol FPV.

The description below relates more particularly to deter-
mining the display or viewing position of the second symbol
FD. Above-described FIG. 8 is used again for illustrating the



US 9,212,931 B2

15

calculations below. It should be observed that the second
symbol FD is referenced relative to the displayed position of
the first symbol FPV.

The commands FD-Roll and FD-Pitch are movement set-
points that are respectively horizontal and vertical (in the
terrestrial reference frame (x,y)) for moving the symbol FD
respectively horizontally and vertically. The pilot seeks to
eliminate the horizontal and vertical differences between the
symbol FPV and the symbol FD. By way of example, when
performing the method, it should be observed that these com-
mands may be multiplied by a constant factor in order to adapt
them to the display scale, and certain parameters may be
filtered, for example.

The absolute coordinates of the symbol FD in the frame of
reference associated with the aircraft are as follows:

Xp X spavec._displayE DROLLxcos(Roll)-FDPITCHx
sin(Roll)

YED ™Y spavec_aisplaytFDROLLxsin(Roll)-FDPITCHx
cos(Roll)

When the symbol FD is not limited for display purposes (a
situation not shown in FIG. 8), i.e. when its real or absolute
position lies within its display window F0, the displayed
coordinates of the symbol FD correspond to the absolute
coordinates of the symbol FD in the reference frame (X,Y)
associated with the aircraft:

V¥ +yen2<Ren
Then the coordinates of the symbol FD are as follows:

XFD_display—XFD X spdvec_displayT FDROLLxCOS
(Roll)-~-FDPITCHxsin(Roll)

YED_dispiay™VFD ™Y spavec_dispiayTTDROLLXcCOS
(Roll)-~-FDPITCHxsin(Roll)

Unlike the first symbol FPV, only one limitation/projection
situation needs to be envisaged for the second symbol FD.

The position of the symbol FD for display is limited when
its real or absolute position is situated outside its display
window F0 (as shown in FIG. 8). Under such circumstances,
the symbol FD is projected onto the display limit line .0 of its
display window F0.

The position of the symbol FD for display is located at the
point of intersection between firstly the line D passing
through the real position of the symbol FD and the display
position of the symbol FPV, and, secondly, the display win-
dow FO (line L.0) for the symbol FD. More particularly, it is
the point of intersection that is the closest to the symbol FD,
thus making it possible to conserve the angle and the direction
of the command.

The calculations below serve to determine the display
coordinates for the symbol FD (coordinates of the above-
mentioned point of intersection).

The first stage of the calculation consists in calculating the
parameters of the equation for the line D (line or half-line
passing through the display position of the symbol FPV and
the real position of the symbol FD). The equation for the line
is written y=SxX+O where S is the slope of the line and O is
the intercept on the ordinate axis.

= YED — Yspdvec_display

XFD — Xspdvec_display

YFD — Yspdvec_display
O = Yspavec_display — Xspdvec_display X ——————————
XFD — Xspdvec_display
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By definition, the looked-for point of intersection is situ-
ated both on the line D and on the circle (window F0 of radius
Fzp) in such a manner that its coordinates satisfy the follow-
ing system of equations:

{y:SXx+0

Rip =2+’

Consequently, the following equation needs to be solved:

(1482)x2+2xSx Oxx+(OP =Ry =0
Its discriminant is written:

A=4x(Rrp>x(1+52)-0%)

The discriminant A is always positive in these calculations
insofar as the display window F0 for the symbol FD is greater
than the window F1 for the symbol FPV. There are thus
always two points of intersection between the line B and the
display window F0 for the symbol FD.

This equation has two pairs of coordinates as solutions:

B —2xSx0-VA
M= TSy
yi=SXx+0

and

“2xSX0+VA
R RT3
y2=S><)Q+0

The last stage of calculation lies in selecting between the
two points of intersection. The point of intersection that is
selected is the point that is closer to the absolute position of
the symbol FD (point situated on the right in FIG. 8):

If

\/(x 1—XFD)2+()’1—.VFD)2SV F2~%rpV +(2-¥rp)
then
YFD_display” *1

YrD_display™ Y1

Else
XFD_display X2

YFD_display ™2

It should be observed that the method of assisting piloting
an aircraft as described above applies equally well to a head-
down display screen and to a head-up display screen.

The method relies on new positioning rules that provide the
pilot with a display of dynamic symbols that is reliable, i.e.
without erroneous information.

The method relies on positioning criteria that can be modu-
lated as a function of defined priorities and display needs.

FIG. 13 shows an embodiment of a system 10 of the inven-
tion for assisting piloting that is provided on board an aircraft
represented by the dotted line 11.

The system 10 comprises a display screen or medium 12
that has a display zone 14 bounded by a display limit line 16.
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By way of example, the display screen is a screen of the
same type as those described with reference to the preceding
figures.

The system 10 also has a data processor unit or calculation
unit 18 (e.g. on-board computer) that receives and processes
data/information (position data, . . . ) coming from various
pieces of equipment 20a-d on board the aircraft (sensors,
on-board computers, . . . ). The processing of this data leads to
determining a position for displaying one or more symbols
such as the above-described symbols FPV and FD. The data/
information representative of such a display position is then
transmitted to the display screen 12 so as to display the
symbol in the determined display position.

By way of example, the data/information is previously
formatted by the unit 18 in the form of one or more video
images incorporating the position(s) of the symbol(s).

The data processor unit 18 includes the necessary means or
is configured to execute the steps of the piloting assistance
method in the above-described implementations, and in gen-
eral, the steps S1 to S6 of the method as shown in FIG. 14.

The algorithm of FIG. 14 comprises the following main
steps S1 to S6:

Step S1: determining the real position of a symbol (e.g.
FPV) for displaying relative to the display zone.

Step S2: determining the orthogonal projection (FPV-lock)
of the real position of the symbol on the axis of the first
component of said symbol.

Step S3: determining the position of this projection (FPV-
lock) relative to the display limit line of the display zone
(relative position) and, in the event that this projection lies
outside the display limit line, repositioning the projection
(FPV-lock) on the display limit line.

Step S4: determining the position of the symbol on the axis
of the second component (orthogonal projection of the real
position of the symbol on the axis of the second component)
passing through the position determined in step S3, as a
function of the value of the second component of the symbol.

Step S5: determining the position determined in step S4
(second projection) relative to the display limit line of the
display zone (relative positioning) and, in the event that this
position along the axis of the second component (second
projection) lies outside the display limit line, repositioning
this position (second projection) on the display limit line.

Step S6: displaying the symbol (FPV) on the display screen
12 in the display position as determined in step S5.

It should be observed that the steps S1 to S6 correspond to
instructions or portions of code of a computer program that is
loaded into the unit 18 and executed on command to perform
the method in question.

The on-board calculation unit 18 serves to determine infor-
mation (e.g. position for displaying a symbol) and to display
this information for the attention of the pilot, which informa-
tion would not be displayed in the absence of the invention.

The calculation unit makes it possible to display the infor-
mation as determined in this way in a form that is directly
understandable by a pilot.

The display of this information which is representative of
the real behavior of the aircraft is thus reliable and does not
mislead the pilot.

The invention claimed is:

1. A method of assisting the piloting of an aircraft in which
at least one display screen has at least one display zone
bounded by a display limit line, the real position of the aircraft
being positioned on said at least one display zone relative to
a horizontal-vertical frame of reference associated with the
screen and a terrestrial horizontal-vertical frame of reference
having at least one of its axes displayed by at least one symbol
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representative of a parameter associated with the dynamic
behavior of the aircraft (FPV, . . . ) or of a parameter liable to
influence this behavior (FD, . . . ), the at least one symbol
having a horizontal component and a vertical component, the
method comprising:

displaying said at least one symbol in said at least one

display zone in order to assist the piloting of the aircraft
when the real position (FPV) of said at least one symbol
lies outside the display limit line, wherein one of the
horizontal and vertical components of the at least one
symbol, referred to as a “first” component, is to be given
precedence on display of the at least one symbol in said
at least one display zone over a second component of the
horizontal and vertical components of the at least one
symbol, the method further comprising:

determining the real position (FPV) of said at least one

symbol for display relative to said at least one display
zone of the at least one display screen;

determining an orthogonal projection (FPV-lock) of the

real position of said at least one symbol on an axis
corresponding to the first component;
determining the position of said orthogonal projection
(FPV-lock) relative to the display limit line of the at least
one display zone, and in the event that said orthogonal
projection (FPV-lock) is situated outside said display
limit line, repositioning said orthogonal projection
(FPV-lock) on said display limit line;

determining the position of said at least one symbol on an
axis corresponding to the second component passing
through the position determined in the preceding step as
a function of the value of the second component of said
at least one symbol;

determining said position of the at least one symbol relative

to the display limit line of said at least one display zone,
and in the event that said position of the at least one
symbol is situated outside said display limit line, repo-
sitioning said position of the at least one symbol on said
display limit line; and

displaying said at least one symbol in the display position

as determined in the preceding step.

2. The method according to claim 1, wherein while the
orthogonal projection (FPV-lock) of the real position (FPV)
of'said at least one symbol is situated inside said at least one
display zone bounded by the display limit line, the method
includes a substep of determining a limitation for the value of
the second component of said at least one symbol in order to
position said at least one symbol in a limited position that is
situated on the display limit line of said at least one display
zone.

3. The method according to claim 1, wherein said at least
one display zone has a first display zone (F1) inside which
there is arranged a second display zone (F2), the display
position of said at least one symbol depending more particu-
larly, firstly on the orthogonal projection (FPV-lock) on the
axis of the first component of the real position (FPV) of said
at least one symbol, and secondly on the position of said
projection relative to the display limit line of the second
display zone (F2).

4. The method according to claim 3, wherein while the
orthogonal projection (FPV-lock) of the real position (FPV)
of said at least one symbol is situated inside the second
display zone (F2) bounded by the display limit line (L.2), the
method includes a substep of determining a limitation for the
value of the second component of said at least one symbol in
order to position said at least one symbol in a limited position
that is situated on the display limit line (L1) of the first display
zone (F1).
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5. The method according to claim 3, wherein while the
orthogonal projection (FPV-lock) is situated outside the sec-
ond display zone (F2) bounded by its display limit line (1.2),
the method includes the following two substeps:

determining a limitation for the value of the first compo-

nent of the orthogonal projection (FPV-lock) to the value
corresponding to the intersection between the axis of the
first component and the display limit line (L2) of the
second display zone (F2) so as to take the orthogonal
projection (FPV-lock) to an intermediate limited posi-
tion and obtain a limited orthogonal projection (FPV-
lock); and

determining the position of said at least one symbol on the

axis of the second component passing through the posi-
tion of the limited orthogonal projection (FPV-lock)
determined in the preceding step as a function of the
value of the second component of said at least one sym-
bol.

6. The method according to claim 3, wherein the two dis-
play zones (F1, F2) are defined relative to each other so as to
be spaced far enough apart to make it possible, if necessary, to
display said at least one symbol between the display limit
lines (L1, [.2) of said display zones.

7. The method according to claim 1, wherein the axis of the
first component is selected relative to a predetermined crite-
rion.

8. The method according to claim 1, wherein the axis of the
first component is the pitch scale axis that is displayed on said
at least one display zone.

9. The method according to claim 2, further comprising
displaying beside said at least one symbol displayed in its
limited position, the value of the first component of said at
least one symbol prior to being limited.

10. The method according to claim 1, wherein said at least
one symbol has a vertical first component and a horizontal
second component, the vertical first component being given
precedence in the display over the second component.

11. The method according to claim 1, wherein said at least
one symbol for displaying comprises a first symbol represen-
tative of the flight path vector (FPV) in which the horizontal
component is drift and the vertical component is flight path
angle.

12. The method according to claim 11, wherein said at least
one symbol for display also comprises a second symbol rep-
resentative of an aircraft guide parameter (FP) and constitutes
a flight path setpoint to be reached by the flight path vector
(FPV) of the aircraft.

13. The method according to claim 12, wherein said at least
one display zone also comprises a display zone (F0) for
displaying the second symbol representative of an aircraft
guide parameter (FD) and having arranged therein said at
least one display zone for displaying the first symbol.

14. The method according to claim 13, wherein the step of
displaying the second symbol representative of an aircraft
guide parameter (FD) comprises, more particularly, a substep
performed as a function of the real position of said second
symbol relative to the display limit line (L0) of said display
zone for the second symbol:

displaying said second symbol (FD) in said display zone in

its real position; or

determining a limited position for said second symbol (FD)

by projecting said second symbol onto the display limit
line (1.0) of said display zone (F0) in the direction given
by the line passing through the real position of said
second symbol (FD) and the position displayed in said at
least one display zone for the first symbol of the first
symbol representative of the flight path vector (FPV) of
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the aircraft, and displaying said second symbol in its
position as limited in this way.

15. A non-transitory, computer-readable storage medium
storing a computer program including instructions for execut-
ing, when said program is executed by a system comprising a
data processorunit in which said computer program is loaded,
a method of assisting the piloting of an aircraft in which at
least one display screen has at least one display zone bounded
by a display limit line, the real position of the aircraft being
positioned on said at least one display zone relative to a
horizontal-vertical frame of reference associated with the
screen and a terrestrial horizontal-vertical frame of reference
having atleast one of'its axes displayed by at least one symbol
representative of a parameter associated with the dynamic
behavior of the aircraft (FPV, . . . ) or of a parameter liable to
influence this behavior (FD, . . . ), the at least one symbol
having a horizontal component and a vertical component, the
method comprising: displaying said at least one symbol in
said at least one display zone in order to assist in the piloting
of'the aircraft when the real position (FPV) of said at least one
symbol lies outside the display limit line, wherein one of the
horizontal and vertical components of the at least one symbol,
referred to as a “first” component, is to be given precedence
on display of the at least one symbol in said at least one
display zone over a second component of the horizontal and
vertical components of the at least one symbol, the method
further comprising:

determining the real position (FPV) of said at least one

symbol for display relative to said at least one display
zone of the at least one display screen;

determining an orthogonal projection (FPV-lock) of the

real position of said at least one symbol on an axis
corresponding to the first component;
determining the position of said orthogonal projection
(FPV-lock) relative to the display limit line of the at least
one display zone, and in the event that said orthogonal
projection (FPV-lock) is situated outside said display
limit line, repositioning said orthogonal projection
(FPV-lock) on said display limit line;

determining the position of said at least one symbol on an
axis corresponding to the second component passing
through the position determined in the preceding step as
a function of the value of the second component of said
at least one symbol;

determining said position of the at least one symbol relative

to the display limit line of said at least one display zone,
and in the event that said position of the at least one
symbol is situated outside said display limit line, repo-
sitioning said position of the at least one symbol on said
display limit line; and

displaying said at least one symbol in the display position

as determined in the preceding step.

16. A system for assisting the piloting an aircraft, the sys-
tem comprising at least one display screen that includes at
least one display zone bounded by a display limit line, the real
position of the aircraft being positioned on said at least one
display zone relative to a horizontal-vertical frame of refer-
ence associated with the display screen and a terrestrial hori-
zontal-vertical frame of reference having at least one of its
axes displayed, by means of at least one symbol representa-
tive of a parameter associated with the dynamic behavior of
the aircraft (FPV, .. .) or of a parameter liable to influence this
behavior (FD, . . .), the atleast one symbol having a horizontal
component and a vertical component, wherein one of the
horizontal and vertical components the at least one symbol,
referred to as a “first” component, is given precedence on
display of the at least one symbol in said at least one display
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zone over a second component of the horizontal and vertical
components the at least one symbol, the system further com-
prising a data processor for:

determining the real position (FPV) of said at least one

symbol for display relative to said at least one display
zone of the at least one display screen;

determining an orthogonal projection (FPV-lock) of the

real position of said at least one symbol on an axis
corresponding to the first component;
determining the position of said orthogonal projection
(FPV-lock) relative to the display limit line of said at
least one display zone, and in the event that said orthogo-
nal projection (FPV-lock) is situated outside said display
limit line, for repositioning said orthogonal projection
on said display limit line;
determining the position of said at least one symbol on an
axis corresponding to the second component passing
through the position determined in the preceding deter-
mination as a function of the value of the second com-
ponent of said at least one symbol;
determining said position of the at least one symbol relative
to the display limit line of said at least one display zone,
and in the event that said position of the at least one
symbol is situated outside said display limit line, for
repositioning said position on said display limit line; and

displaying on said at least one symbol screen said at least
one symbol in the display position as determined in the
preceding determination performed by the data process-
ing unit.

17. An aircraft comprising a system for assisting the pilot-
ing of an aircraft, the system comprising at least one display
screen that includes at least one display zone bounded by a
display limit line, the real position of the aircraft being posi-
tioned on said at least one display zone relative to a horizon-
tal-vertical frame of reference associated with the display
screen and a terrestrial horizontal-vertical frame of reference
having at least one of its axes displayed by means of at least
one symbol representative of a parameter associated with the
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dynamic behavior of the aircraft (FPV, . .. ) or of a parameter
liable to influence this behavior (FD, . . . ), the at least one
symbol having a horizontal component and a vertical com-
ponent, wherein one of the horizontal and vertical compo-
nents of the at least one symbol, referred to as a “first” com-
ponent, is given precedence on display of the at least one
symbol in said at least one display zone over a second com-
ponent of the horizontal and vertical components of the at
least one symbol, the system further comprising a data pro-
cessor unit for:
determining the real position (FPV) of said at least one
symbol for display relative to said at least one display
zone of the at least one display screen;
determining an orthogonal projection (FPV-lock) of the
real position of said at least one symbol on an axis
corresponding to the first component;
determining the position of said orthogonal projection
(FPV-lock) relative to the display limit line of said at
least one display zone, and in the event that said orthogo-
nal projection (FPV-lock) is situated outside said display
limit line, for repositioning said orthogonal projection
(FPV-lock) on said display limit line;
determining the position of said at least one symbol on an
axis corresponding to the second component passing
through the position determined in the preceding deter-
mination as a function of the value of the second com-
ponent of said at least one symbol;
determining said position of the at least one symbol relative
to the display limit line of said at least one display zone,
and in the event that said position of the at least one
symbol is situated outside said display limit line, for
repositioning said position on said display limit line; and
displaying on said at least one symbol screen said at least
one symbol in the display position as determined in the
preceding determination performed by the data proces-
sor unit.



